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CROSS-REFERENCE TO RELATED APPLICATIONS 
[01] NOT APPLICABLE 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[02] NOT APPLICABLE 



REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 
[03] NOT APPLICABLE 

BACKGROUND OF THE INVENTION 

[04] The present invention relates to input devices with analog inputs, and 
in particular to scrolling elements. 

[05] A number of mice designs include a scrolling wheel which can be 
rotated with a user's finger to scroll a display. An example is U.S. Patent No. 5,530,455. In 
addition to providing scrolling corresponding to the turning of the wheel by the user, when a 
certain momentum threshold is exceeded, continuous scrolling is provided. Thus, a user can 
give quick spin to the wheel to cause it to enter a continuous scrolling mode, which does not 
require further movement by the user to maintain it. Clicking any button of the mouse will 
stop the continuous scrolling. 

■7 [06] In Mdition to scrolling wheels, some mice and other input devices also 

include force-sensitive inpu(s. Interlink U.S. Patent No. 5,659,334 shows a microstick 
mounted on a force-sensing resistor. One of the uses of the microstick would be for scrolling. 

[07] U.S. Patent No. 5,805,144 shows a mouse with an integrated touchpad. 
The touchpad can include an elongated portion which acts as a slide-bar, allowing analog 
control. The touchpad can also detect varying pressure to provide etnother input dimension. 

[08] U.S. Patent No. 6,198,473, issued to inventor Brad Armstrong, shows a 
computer mouse with a pressure-sensitive depressible button. The button can be used to 
provide scrolling, with the speed of the scrolling varying with the applied pressiure. The 



button is an elastomeric dome-cap button in which the dome-cap collapses to come in contact 
with a compressible, partially conductive element, which is a carbon in an elastomeric or 
rubber binder. The more pressure applied to the conductive element, the more electricity it 
will conduct. 

[09] Om type of pressure-sensitive input element is a force-sensitive 
resistor (FSR). Such a fow^e-sensitive resistor typically includes two conductors mounted on 
spaced apart substrates, witl^he substrates being compressed to close the gap and provide 
contact between the conductonL The signal output varies in accordance with the area of 
contact. An example is set forthVn Interlink U.S. Patent No. 5,302,936. 

[10] Another pressure-sensitive force transducer is described in U.S. Patent 

No. 4,489,302. 

BRIEF SUMMARY OF THE INVENTION 
[11] TShe present invention provides an input device with a pressure- 
ensitive element using aVbrce-sensing resistor. A solid elastomeric material is mounted over 
the force-sensing resistor tXtransfer a force from the user's finger to the force-sensitive 
resistor without visible defonnation of the elastomeric material. This provides a comfortable 
button for a user which does not require the compression of a domed cap to provide 
apressure-sensitive input. \ 

[12] In one embodiment, the force-sensing resistor includes two spaced 
apart contacts, with the gap being clofced by the application of pressure by the user, and the 
signal output varying with the area of cbntact. The force-sensing resistor is used to provide a 
scrolling input to an electronic system, such as a computer. The speed of the scrolling can be 
controlled by the amoxmt of force applied. \ 

[13] In another aspect of the invention, a pressure-sensing input element 
utilizes both the amount of pressure and the amount of time to determine the type of signal 
provided to the electronic system. For a contact which is less than a predetermined amoimt 
of time, a single movement of predetermined amount is provided, such as a single ratchet of a 
scrolling movement on a screen. This movement is independent of the amount of pressure 
appUed. When contact is provided for more than the predetermined amoujit of time, 
continuous movement (e.g. scrolling) is performed at a speed corresponding to the amoxmt of 
pressure applied. Thus, a user can tap the input element to scroll in small increments, and can 
provide for continuous scrolling by applying an amount of pressure corresponding to the 
desired amount of speed. 



[14] In another aspect of the present invention, an input device contains a 
first scrolling element (e.g. a wheel) and includes a switch button mounted close to the 
scrolling element to activate continuous scrolling. In the embodiment of a scrolling wheel, 
the user can rotate the scrolling wheel and contact the switch button with the finger at one 
end of the scrolling wheel to activate continuous or auto-repeat scrolling. In one 
embodiment, the switch button can be a pressure-sensitive button, with the amount of 
pressvire controlling the speed of the continuous scrolling. 

[15] In one embodiment of the invention, the force-sensing resistor used is a 
folded-over metal-coatedV>olyester film (alternately, any plastic or thermoplastic film could 
be used). The spacing between the two folded plys of the film is provided by the spring force 
at the fold, rather than the use of spacers as in the prior art. This provides a force-sensitive 
resistor which is responsive t(y^ery low activation forces, such as forces less than 50 grams. 
This provides for comfortable us^r input which does not require excessive force to be applied 
by the user's finger. 

[16] For further understanding of the nature and advantages of the 
invention, reference should be made to the following description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[17] Fig. 1 is a perspective view of a mouse incorporating an embodiment 
of the present invention, showing a scrolling wheel with adjacent continuous scrolling 
buttons. 

[18] Fig. 2 is a diagram of an embodiment of a mouse with pressure 
sensitive scrolling buttons connected to a computer system. 

[19] Fig.u is a cross-sectional diagram of an embodiment of a force-sensing 



resistor used in the present iWention. 

[20] Fig. 4 is a timing and pressure chart illustrating an embodiment of the 
invention using the dual parameters of time and pressure to control scrolling. 

DETAILED DESCRIPTION OF THE INVENTION 

Continous Scrolling Buttons 

[21] Fig. \ illustrates a mouse 10 having a scrolling wheel 12. In fi-ont of 



^and behind the scrolling wheel are continuous scrolling (auto-repeat) buttons 14, 16. 



[22] When a user rotates wheel 12, at the end of the rotation forward, the 
user can easily contact button 14. At the end of a rotation backward, the user can easily 
contact button 16. Buttona 14, 16 provide an auto-repeat, or continuous scrolling function. 
These buttons cause scrolling to continue in the direction of the movement of the wheel, 
without requiring the user toVontinuously turn the wheel. Altemately, instead of a wheel, a 
solid state roller or touchpad cbuld be used for the scrolling function. The continuous 
scrolling function could be impltemented by a region at the end of the solid state roller or 
touchpad. An example of a solid>Btate roller is set forth in copending application "Pointing 
Device with Solid State Roller," fi^d Dec. 22, 2000, serial number 60/258133, the disclosure 
of which is incorporated herein by reference. 

[23] In one embodiment, buttons 14, 16 normally serve other input 
functions, and are used for the auto-repeat or continuous scrolling only if contacted within a 
certain amount of time (time out) after the last rotation of the wheel. In one embodiment, the 
time-out is 0.5 or 1 second. The other functions of the buttons may be be, in one example, a 
page up and page down, respectively. Another example function would be back and forward. 

[24] In another embodiment, buttons 14, 16 are pressure-sensitive buttons, 
so that the repetition rate of the auto-scroll can vary in accordance with the amoimt of 
pressure applied by the user. Altemately, the auto-repeat speed can be a predefined fixed 
speed. Altemately, the auto-repeat rate could be the speed at which the wheel was turning 
before the user contacted the button. In yet another alternate embodiment, the auto-scrolling 
could be activated by contacting the button before rotating the wheel, with the rotation of the 
wheel indicating the direction in which to scroll. 

[25] The auto-repeat scrolling function can be implemented in hardware 
within the mouse, or in firmware in the mouse microcontroller (embedded code, hard coded 
in ROM). Altemately, it could be in software in the mouse driver. 

[26] In another altemate embodiment, the repeat scrolling function could be 
independent of the existing scroll wheel. The two buttons could be placed on a position other 
than near the wheel, with the user using the wheel when manual scrolling is desired, and 
using the buttons when continuous or auto-scrolling is desired. One button could be used for 
upward auto-scrolling, and the other for downward auto-scrolling. The buttons could 
altemate between up/down and left/right scrolling by controlling their settings, such as by an 
short tap of the button, or by using a cursor to set their function. Altemately, separate 
left/right scrolling buttons could be provided. 





Scrolling Buttons 

[27] Fig. 2 shows an embodiment with a mouse 20 connected via a cable 22 
to a computer 24 having a display 26. Instead of a scrolling wheel, this mouse simply has 
two buttons 28, 30. These buttons can be alternately actuated. Applying a finger to button 28 
5 causes scrolling up, while applying a finger to button 30 causes scrolling down. A short 

touch by the finger will cause a single "ratchet", or minimum scroll distance, to be applied to 
display 26. When the button is depressed for a longer period of time than a threshold, 
continuous scrolling or auto-repeat scrolling is provided, with the speed of the scrolling 
corresponding to the pressure applied to buttons 28, 30. The higher the pressure, the higher 
10 the repetition rate or scrolling speed. 

[28] The scrolling can be up or down in the y-direction as illustrated by 
arrow 32. Alternately, the scrolling can be in x-y direction with a different orientation of the 
p buttons, or additional buttons for this purpose. In addition to scrolling, other movement 
p fimctions could be controlled by the buttons and wheel of Figs. 1 and 2. For example, these 

83 buttons could control a zoom feature, either zooming in or out depending upon which button 

P 

^1 is pressed with continuous zooming being activated by the buttons rather than continuous 
scrolling or auto-repeat. The amount of pressure applied to the buttons can determine the 



i?4. zooming speed. Alternately, the buttons could be used for forward and back fimctions 
I^J through multiple pages or plys, such as on an intemet browser. 

!^ [29] In one embodiment, multiple functions could be performed by the 

□ 

U buttons, with the type of function determined by the location of the cursor on the display. For 
example, locating the cursor in the middle of the display could cause the buttons to control up 
and down scrolling. Location of the cursor on the top toolbar could cause the buttons to 
control forward and back movement. Location of the cursor on the bottom toolbar portion of 

25 the screen could cause the buttons to control left and right scrolling. In each case, the speed 
of scrolling, paging, etc., could be controlled by the pressure. In addition, where there is a 
zoomable feature on the screen, the buttons could be used to control the zooming fiinction. 



^ [30] Fig. Y illustrates an embodiment of a force-sensing resistor used for the 
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M P^ttons 14, 16, 28, 30 of Figs. 1 and 2 in one embodiment. Fig. 3 shows a plastic or 
30 thermoplastic film 36 coated with metal to form contacts 38, 40. A small space between the 
metal contacts on the folded-oVer fikn 36 is maintained by the spring force of the bent portion 
42 of film 36. By using simply\he bent portion of the film, rather than spacers, a small gap 
and a more sensitive force-sensingjresistor (FSR) can be provided, which provides for 
activation at forces less than 50 grams of pressure. Such as low pressure allows less pressure 



5 



from the user, making tha button easier and more comfortable to use, with less strain on the 
finger to provide the variance in pressure needed. In one embodiment, 36 is formed of a 
polyester, such as PET (polyethylene terephtalate). 

[31] A solid elastomeric dome 44 is placed over the FSR. Dome 44 is rigid 
and does not visibly compress\ It allows for the transfer of force from the finger to the FSR. 
Thus, not only is less force required from the user's finger, less movement of the user's finger 
is required to generate that force luid activate the button. By having a raised, slightly domed 
shape, dome 44 allows tactile location of the button by the user's finger. The user can simply 
move the user's finger across the housing until contacting the raised dome to determine the 
location of the button. \ 

[32] Fig. 4 illustrates one embodiment of the two-parameter control of the 
scrolling buttons. As illustrated in the first graph, for momentary touches of the button less 
than a predetermined time 50, a constant speed scroll is used, preferably being a single 
ratchet or elementary scroll. If the amoimt of time the finger is in contact with the button 
exceeds time 50, the button switches into a pressure versus speed mode, where the speed of 
continuous scrolling as illustrated by arrow 52 varies with the pressure. Note that a minimxmi 
pressure 54 is required for activation, and that this is less than 50 grams. 

[33] In alternate embodiment, instead of the first parameter being a 
predetermined time, touches that are less than a predetermined pressure can be used to 
activate a single ratchet or elementary scroll. Using a pressure threshold, a touch greater than 
a threshold pressure will then activate the auto-scroll feature. In addition, combinations of 
the two implementations may be used, such as having the auto-scroll start only if the pressure 
has been above a given start threshold for a given period of time. 

[34] Although a particular FSR has been illustrated in Fig. 3, other 
ressure-sensitive switckes could be used to implement the embodiments shown in Figs. 1, 2 
d4. \ 

[35] As will be understood by those of slcill in the art, the present invention 
may be embodied in other $pecific forms without departing from central characteristics 
thereof. For example, a scrolling wheel or scrolling buttons could be implemented in a 
mouse, a trackball, a remote control device, a game pad, a joystick, a keyboard, or any other 
input device. Additionally, in addition to discrete buttons, the force-sensing resistor could be 
implemented in an elongated input^pad, with one portion of the pad providing up scrolling 
and the other portion providing dowi^croUing, or other movement features. Accordingly, 




the foregoing description is intended to be illustrative, but not limiting, of the scope of the 
invention which is set forth in the following tlaims. 



